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The proteins formed in normal plasma  cells  consist in some species  of at 
least three classes of proteins (%/3~A, and macroglobulins). Malignant plasma- 
cytes and related cells may synthesize proteins of these classes or of a fourth 
class, the smaller Bence Jones protein. Much of the knowledge of these proteins 
has come from studies of proteins in man and in non-inbred animal species. In 
view of the need for an experimental system with genetic constancy to minimize 
variations in already complex systems, studies of globulins  formed by plasma 
cells were undertaken in inbred strains of mice. 
Previous studies demonstrated  that  normal mouse serum contains 3', fl~x, 
and macroglobulins (1-5), and that plasma cell tumors in mice may form 3'- 
or 3~x-myeloma  proteins or Bence Jones proteins  (3, 4,  6-8).  Thus,  suitable 
material was available for detailed investigation of globulins formed by plasma 
cells in inbred strains of mice, as reported in this and the accompanying paper. 
The  enzymatic  degradation  technique  of  Porter  (9),  which  splits  rabbit 
~,-globulin  (9) and human T-globulins  (10-13) into three fragments of approx- 
imately equal size, was used to obtain subunits of the mouse T-globulin  mol- 
ecules.  The  subunits  were  characterized  in  detail  by a  variety  of physico- 
chemical and immunochemical  techniques.  Since  h-globulins of normal mice 
were broadly heterogeneous, as in other species, the availability of 3,-myeloma 
proteins  facilitated  the  study  of  individual  "y-globulin molecules.  We have 
reported previously (14) that "y-myeloma protein formed by plasma cell tumor 
5563  (15)  and normal ~,-globulin  were split by papain  digestion into  several 
fragments roughly one-third of the molecular weight of the original  molecule. 
The subunits comprised two groups, differing  in electrophoretic and antigenic 
properties,  and  designated  S  and  F  fragments  (in  accordance with  the  ter- 
minology applied by Edelman, Heremans, Heremans, and Kunkel,  10, to the 
fragments  of human ^/-globulin).  These studies have been extended and  the 
present report is concerned with the electrophoretic heterogeneity, the distri- 
bution of antigenic determinants and of antibody-combining sites of T-globulin 
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antibody  in  C3H  mice.  In  addition,  the  fragments  produced  by  papain  and 
cysteine  treatment  of 3,-myeloma  protein  5563  from  C~H  mice are  compared 
with  the  corresponding  fragments  of normal  "r-globulin. 
Materials and Methods 
Mouse Serum and Immune Fluid.--C3H/He mice were maintained as an inbred strain at 
the National Institute for Medical Research,  London,  the original breeding stock and  the 
5563 plasma cell tumor having been provided in 1958 through the kindness of Dr. M. Potter 
of the National Cancer Institute, Bethesda. The mice were immunized by a modification of 
the technique of Munoz (16). 2 mg of hemocyauin (Maia squinade) in 0.2 ml of saline were 
mixed thoroughly with 0.2  ml of complete Freund's reagent and injected intraperitoneally. 
The injection was repeated  3  and  8  weeks later.  Peritoneal fluid or serum was  obtained  2 
weeks after the 2nd and 3rd antigen injections and at weekly intervals thereafter, except for 
a 2 week interval following reinjection of antigen. Comparison of blood serum and peritoneal 
fluid by paper electrophoresis and immunoelectrophoresis revealed a  similar distribution of 
components. Since "),-globulin and anti-hemocyaniI1  antibody distribution were the same in the 
peritoneal fluid and serum, these fluids  are referred to as immune sera. 
Preparation of T-Gtobulin.--Normal  mouse  serum  or immune  serum  was  concentrated 
threefold by ultrafiltration and fractionated by zone electrophoresis on  blocks of geon 425 
particles (British Geon, Ltd., London) as described previously (17, 18). At the end of each run, 
the/~-globulin zone was localized by the characteristic pink color and the portion of the block on 
the eathodal side of the t-globulins was divided into segments 1 cm wide. The proteins in each 
segment were eluted with saline and tested by Ouchterlony diffusion  test with potent antisera 
against T-globulin and  the t-globulins. Only those T-globulin fractions which contained no 
detectable ~-globulin were pooled and concentrated by uitraftltration. 
Samples of T-globulin migrating with  different mobllities on  electrophoresis at  pH  8.6 
were prepared by combining chromatography and zone electrophoresis.  The immune fluid was 
first  fractionated  on a  column of diethylaminoethyl  (DEAE)  cellulose  by gradient  elution 
from 0.015 rt to 0.05 ~ potassium phosphate buffer pH 8. Pools of the chromatographic frac- 
tions were concentrated by uitraffltration and the T-globulin was separated from contaminat- 
ing serum fractions  (mainly ~-globulin)  by zone electrophoresis on Geon particles as noted 
above. T-myeloma protein  5563  was  prepared  by  DEAE-cellulose chromatography  as  de- 
scribed previously (19). 
Partial Degradation of Globulins with Papain  and Cysteine.--The  purified T-globulin and 
T-myeloma protein were incubated  with crystalline papain  (generously made  available by 
Dr. R. R. Porter and Dr. J. W.  Goodman)  and cysteine under the conditions described by 
Porter (9), although incubation at 37°C was continued for only 1 hour except where specifically 
noted. The sample was dialysed against distilled water overnight at 5°C and will be referred 
to in the text as papain digest. 
Chromatographic Fractionation of  Globulin Fragments in  Papain  Digest. The  globulin 
fragments were separated by chromatography on columns of DEAE-cellulose using a gradient 
elution. 90 ml of the starting buffer  (0.005 ~r pH 8 potassium phosphate)  were added to the 
mixing chamber and 55 mi of the final buffer (0.30 ~ pH 8 potassium phosphate)  to the reser- 
voir as described previously (18). The elution of the proteins was followed by measuring the 
optical  density  at  280  m#.  Fractions were pooled  and  concentrated  by  ultrafiltration for 
further analysis. Attempts to fractionate the papain digests of mouse T-globulin on carboxy- 
methyl cellulose  (9) were only partially successful  and recovery of fragments was incomplete 
so this approach was not pursued. 
Determination of Antlgen-Binding Capacity.--Mter  papain treatment the immune globulin 
had lost its capacity to precipitate hemocyanin, but the ability of the fragments to bind antigen J.  L.  FAHEY  AND  BRIGITTE  A.  ASKONAS  625 
was determined by using radioiodiuated antigen in a modification of the Farr technique (20) 
employing specific anti-'y-globulin to precipitate bound antigen as suggested  by Dr. J.  H. 
Humphrey. Hemocyanin was labeled with I TM by the method of McFarlane (21). To 50 ~g 
of I m  hemocyanln was added increasing amounts of antibody "y-globuiin or papain digest 
fragments. After 30 minutes at 37°C and 1 hour at 4°C, 0.2 ml of rabbit antiserum to normal 
mouse "y-globulin (R16)  was added. This antiserum was known to precipitate both S and F 
fragments of normal "y-globulin and provided an antibody excess. The mixture was incubated 
at 37°C for 30 minutes and left overnight at 5°C.  The precipitate was centrifuged, washed 
twice with cold saline, the washing fluid being  added to the superuatant to make a final volume 
of 3 ml. The precipitate was dissolved  in 3 ml 0.1  N NaOH and the radioactivity of both 
precipitate and supernatant were measured in a well type scintillation counter. The amount 
of I TM hemocyanln bound by the antibody or papain fragments and precipitated with anti- 
mouse "y-globulin serum was thus estimated. 
Starch Gd Etectroplwresi~  was carried out by the method of Smithies (22) using a discon- 
tinuous buffer system. 0.05 ~r glyeine~NaOH buffer,  pH 8.9, was used for the starch gel and 
0.1 M Na borate buffer of the same pH in the bridge chambers, and 1/3 saturated NaC1 in the 
electrode vessels. 
Ultrazentrifugc~ion.--The protein samples  (3  to  8 mg/ml) were  dialyzed against 0.15  M 
NaCI buffered with K  phosphate pH 7.4.  Analyses were  kindly carried out by Dr.  Peter 
Charlwood in a Spinco model E ultracentrifuge. 
lmmunologic~ A~yses.--Immunoelectrophoresis  was  performed  in  1  per  cent  agar 
in 0.04 ~  sodium barbitone buffer, pH 8.4, using a  1.5 mm layer of agar on a glass slide.  A 
current of 25 ma was employed for 40 minutes while the slide was kept immersed in petroleum 
ether (boiling point 70 to 100°C) as described by Wieme (23). Precipitin lines were allowed 
to develop for 24 to 48 hours at 5°C before a photographic record was obtained. Ouchterlony 
double diffusion tests were carried out at 5°C in 1.5 per cent agar containing 0.1 per cent 
sodium azide in pH 7.4 phosphate-buffered saline. 
Preparation of Rabbit Antisera to Mouse Glolmlins.--Normal CsH mouse serum, or purified 
CaI-I mouse "y-globulin, or myeloma proteins were injected with Freund's adjuvant into each 
hind limb of rabbits weighing more than 2.5 kg. The injection was repeated after 2 weeks and 
1 month later the rabbits received a course of 5 intravenous injections of alum-precipitated 
protein. Each rabbit received approximately 3 ml of serum or 6 to 10 nag of "y-globulin. Serum 
was collected  1 to 2 weeks later. The course of intravenous injections could be repeated after 
a resting period of 1 to 2 months to obtain more antiserum. 
RESULTS 
Studies  with Mouse '),-Globulin  and Antibody.--Mouse  "y-globulin prepared 
from  normal  C~I-I  serum  or  immune  peritoneal  fluid  is  electrophorefically 
heterogeneous  as  shown by  the  wide  range  of  "y-globulin mobility on starch 
gel electrophoresis  (Fig.  1)  and  the  broad  elufion pattern  on anion-exchange 
chromatography  (Fig.  2).  The "y-globulins sedimented as 6.5S  components in 
the ultracentrifuge  (Fig.  3). 
Antibody  to  hemocyanin  in  hyperimmunized  C~H  mice  similarly  had  a 
wide distribution through the gamma globulin region and into the beta globulin 
region as revealed by preparative zone electrophoresis and by immunoelectro- 
phoresis  (not illustrated).  90 per cent of the antibody activity migrated more 
slowly than  beta  globulins on zone  electrophoresis  with  geon particle blocks 
and  sedimented  in  the  ultracentrifuge  as  6.5S  globulins  (5). 
Treatment  with  Papain  and  Cysteine.--Mter  incubation  with  papain  and 626  'y-GLOBULIN  SITBITNITS 
FIG. 1.  Starch gel electrophoresis of normal v-globulin (NMT) , T-globulin after treatment 
with papain and cysteine  (NMT--P.D.),  and fractions obtained by DEAE-cellulose chro- 
matography of the papain digest. Electrophoresis was carried out in 0.05 M glycine buffer pH 
8.9. 
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FIG. 2.  Chromatographic fractionation of hyperimmune mouse peritoneal fluid.  I0 ml of 
peritoneal fluid were applied to 5 gm of DEAE-cellulose and einted by the gradient described. 
3 ml of effluent were collected in each tube. Fractions B to G were concentrated and analyzed 
by  starch  gel  electrophoresis.  Although only  the T-globu]ins  are  illustrated  the  fractions 
contained beta globulin components which were subsequently separated from the v-globulins 
by zone electrophoresis (of. Methods). J.  L.  FAHEY  AND  BRIGITTE  A.  ASKONAS  627 
cysteine,  mouse  T-globulin is  split into  fragments  sedimenting  in  the  ultra- 
centrifuge  (s20,w) at  3.5S  (Fig.  3).  About  85  per  cent  of  the  original protein 
was recovered after 1 to 4 hour digestion periods, and indicated that the major 
portion  of  the  original material  was  represented  in  the  digest  fragments.  A 
FI6. 3.  Ultracentrifugal analyses of normal T-globulin and T-myeloma protein 5563 before 
and after treatment with papain +  cysteine.  Samples containing 3 to 6 mg/ml were dialyzed 
against 0.14 M NaC1 prior to analysis in a  Spinco model  E ultracentrifuge No.  40 rotor at 
50,460 Rp~t. Photos were taken 82 minutes after full speed was reached. 
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FIG. 4.  Immunoelectrophoresis  of normal  mouse  T-globulin  before  and  after  digestion 
with papain and cysteine for 16 hours. A papain digest of 5563 T-myeloma protein is included 
for comparison.  Antiserum was prepared in a rabbit against 7-myeloma protein 5563. Elec- 
trophoresis was carried out in 0.03 ionic strength,  pH 8.6 barbiturate buffer as described in 
Methods.  Photos were obtained 24 hours after addition of antisera to the  troughs. 
similar digest of the 5563 3,-myeloma protein had a  mean molecular weight of 
approximately 49,000,  calculated by the Archibald technique,  indicating that 
"y-globulin molecules are divided into three major subunits which are approxi- 
mately 1/~  the  size of the original molecule. 
Immunoelectrophoresis (Fig. 4) and the use of antiserum to normal "/-globulin 
revealed  that  the  papain  digest  contained  two  groups  of  fragments  with 
distinct antigenic determinants. These groups were termed S and F  fragments 
(10) on the basis of their antigenic differences and differences in relative electro- 628  T-GLOBULIN  SUBUNITS 
phoretic mobility, the F  fragments moving toward the anode while the S frag- 
ments migrated toward the cathode. The antigenic groupings on the S fragments 
are shown to differ from F fragment antigenic groupings in Fig. 4 by the crossing 
of the S and F precipitin arcs of a  16 hour digest of normal T-globulin. 
The papain digest was fractionated on DEAE-cellulose and  Fig.  5 A  illus- 
trates the protein elution pattern obtained when a gradient elution of 0.005  to 
0.30 M K  phosphate, pH 8, was used. The fractions correcponding to the peaks 
were pooled and  concentrated  by ultrafiltration,  and  characterized  by starch 
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FIG. 5.  Chromatographic fractionation of papain +  cysteine digests of normal 3' globulin 
(el), and 3"-myeloma  protein 5563 (B) on DEAE-cellutose  columns. Effluent from the normal 
chromatogram in tubes 21 to 25 and 26 to 29 were pooled separately. 
gel electrophoresis  (Fig.  1)  and immunoelectrophoresis.  The chromatogram S 
peaks contain the  S fragments and  the chromatogram F  peak contains  the  F 
fragments.  Quantitative  comparisons show  that  the  digest  contains  approxi- 
mately twice as much material in the S fractions as in the F fractions. 
S fragments of normal T-globulin are widely distributed on starch gel electro- 
phoresis  indicating  heterogeneity  even  greater  than  the  starting  T-globulin 
(Fig.  1).  This variety was reflected in  the chromatographic behavior of the  S 
fragments,  a  broad range of elution  sites being observed  (Fig.  S A).  Some  S 
fragments were even eluted in  the  F peaks as revealed by comparison of the S 
and  F  chromatogram  fractions  by  ()uchterlony  double  diffusion  techniques 
(Fig. 6 A). In this figure a faint precipitin band is seen near the F antigen wells j.  L.  FAHEY  AND  BRIGITTE  A.  ASKONAS  629 
which forms a  reaction of identity with the adjacent S p' precipitin band. Fur- 
thermore, very fast migrating S fragments are seen to have the same antigenic 
determinants as slow and fast migrating groups of S components (S' and S"), 
separated chromatographically (Fig.  5 A)  and  compared by the Ouchterlony 
technique. Reactions of identity between these three S fractions, as shown in 
Fig. 6 A, were seen with all antisera. The antigenic similarity of the S fragments 
of different mobility indicates that  the  structural features responsible for the 
electrophoretic differences do not determine the antigenic specificity of these 
fragments. 
FIG.  6.  Antigenic properties of the fragments in papain digest of mouse v-globulins. The 
outer wells of the Ouchterlony plates contain antigen at concentrations of 0.2  mg/ml.  NMT 
=  normal mouse v-globulin. S',  S", F~t ~  25~, and F(t2~-29~  =  frac. ons obtained  from  papain 
digest  of normal  T-globulin  by  DEAE-eellulose  chromatograph2,'  (Fig.  5  A).  $2,  S.s, F  = 
chromatogram fractions  (Fig.  5  B)  from papain  digest of T-myeloma protein 5563  prepared 
as per reference 14.  Center wells contain rabbit antisera against NMT. 
F  fragments  of normal  mouse ?-globulin are  composed of several discrete 
bands as well as some heterogeneous material seen on starch gel electrophoresis 
(Figs. 1,7) and migrating in the post-albumin region. The spread of F fragments 
on immunoelectrophoresis (Fig. 4) and on chromatography (Fig. 5 A) also indi- 
cated the heterogeneity of the  F  fragments.  Immunochemical comparison of 
two chromatogram fractions of the F fragments F<t 21-25> and F(t 28-297, revealed 
two precipitin bands in the former fraction which fused to an apparently single 
band in the latter (Fig. 6 A). The detection of the two F  bands depended in 
part on the antisera employed. On immunoelectrophoresis an F' band, which 
migrated faster than F was seen in some "?-globulin digests (cf. Fig. 8). This F' 
band appeared to fuse with the F  band suggesting that it had fewer antigenic 
determinants.  Such  components  could  account  for  the  two  bands  seen  in 
F(t 21-25) in Fig. 6 A. It is possible that  the second band represents further di- 
gestion of F fragments with partial loss of antigenic properties. 630  T-GLOBULIN  SUBUNITS 
Comparison of Papain  Digests of T-Globulin with  Different Electrophorelic 
Mobilities.--By combining DEAE-cdlulose chromatography and zone electro- 
phoresis  it  was possible  to  prepare  T-globulins  with  different  electrophoretic 
mobilities. The T-globulins in chromatogram fractions D  and  G  (Fig.  2) were 
separated from contaminating  serum proteins  by zone  electrophoresis  and  T- 
globulin sample G shown to migrate faster towards the anode than D  (Fig.  2). 
After digestion  by papain and cysteine, the S fragments from the two  T-glob- 
ulin groups differed markedly in electrophoretic mobility (Fig.  7),  those from G 
Fio.  7.  Diagram of starch gel electrophoresis of slow (SL) and fast  (FA) migrating mouse 
"y-globulins (NM2z) and "r-myeloma protein  (TMP)  5563, and  the  same preparations  after 
treatment  with papain  and  cysteine for  I hour. The region of the gel contains  most of the 
fragments with S antigenic properties and the region with F (and F') antigenic determinants 
are indicated at the side of the diagram. Normal mouse serum (NMS) is included for reference. 
migrating faster  than  the  S fragments  from D.  The differences  in S fragment 
mobility paralleled those of the original molecule and suggested that these  frag- 
ments  contribute  significantly  to  determining  the  electrophoretic  mobility  of 
the original intact  molecule. 
Immunoelectrophoresis  (Fig.  7),  in addition  to confirming the  difference  in 
mobility of the S fragments from gamma globulins D  and G, also revealed  dif- 
ferences in the F  fragments.  Results  with  two different antisera are illustrated 
in Fig. 7. Antiserum 90/91 (prepared against y-myeloma  protein 5563) reacts with 
the S fragments from both gamma globulins but only with the F fragment from 
slowly migrating gamma globulin D. Antiserum 16 reacts with additional anti- 
genic groups to reveal  the  F' fragments  in both  digests.  These differences be- 
tween  D  and  G  could result  if D  and  (; differed antigenically,  or if these  pro- J-.  L.  FAHEY  AND  BRIGITTE  A.  ASKONAS  631 
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teins differed in  their susceptibility to papain  action,  the  F  component being 
more readily altered in one case than in the other. These digests were carried out 
for 1 hour and protein fragmentation was probably incomplete, both prepara- 
tions  showing  a  precipitin line  near  the  antigen  well  which  shares  antigenic 
determinants  with  both  the  S  and  F  fragments  and  has  the  electrophoretic 
mobility of the original globulin. Similar observations of differences between  F 
and F' distribution were made in another experiment comparing 4 hour digests 
of slow and rapidly migrating gamma globulin preparations. 
A nlibody Activity of Digest Fragments.-T-Globulin prepared by block electro- 
phoresis of sera from mice hyperimmunized against hemocyanin had the same 
physicochemical properties as normal T-globulin. Papain treatment of T-globu- 
lin preparations containing antihemocyanin activity caused loss of precipitating 
antibody  activity.  However,  non-precipitating  antigen-binding  activity  was 
demonstrated by a modification of the Farr technique. The papain digest was 
allowed to react with radioiodinated hemocyanin and then antibody fragments 
plus bound  antigen  were precipitated by addition  of rabbit  antisera  against 
mouse T-globulin. Under these conditions radioiodinated antigen was precipi- 
tated  with  papain-treated  antibody  but  not  with  papain-lreated  T-globulin 
from non-imnmnized mice. 
Antibody fragments S and F, produced by papain q- cysteine treatment, were 
separated by DEAE-cellulose chromatography (Fig. 5 A) and  tested for their 
capacity to combine with radioiodinated hemocyanin by the  technique noted 
above. The S fragments retained approximately the same capacity to bind lo 
antigen as intact antibody, as shown in Table I. Very little activity was found 
in the F  group, however, and that which is present can be attributed to small 
amounts of incompletely separated S component (cA  Fig.  6.1)  present  in the 
preparation. 
T-Myeloma  Protein 5563  Comparison  to ,Yormal  T-Globulin.  Gamma mye- 
loma protein 5563 has the electrophoretic mobility of rapidly migrating T-globu- 
lins  and  has  been  shown  by  starch  gel  electrophoresis to  contain  at  least  5 
discrete components differing slightly in electrophoretic mobility (Fig.  1)  but 
sharing the same antigenic determinants and sedimenting at 6.6S  in  the ultra- 
centrifuge (19). As we have reported previously (14) T-myeloma protein 5563, 
when treated with papain and cysteine, is split into fragments of s,.,, =  3.62S, 
and the fragments can be divided into two groups with distinct antigenic group- 
ings  (S and  F)  (Fig. 4).  The T-myeloma protein and  normal T-globulin have 
similar sedimentation characteristics, as do their papain digests  (Fig. 3). The 
S and F  precipitin arcs seen on immunoelectrophoresis are less broad with the 
T-myeloma protein than with the normal T-globulin digest. 
On starch gel electrophoresis the well defined components of the 5563 mye- 
loma protein contrast with the broad spread of normal T-globulin (Fig. 7), and 
the papain digest of the 5563 myeloma protein contains at least eight discrete J.  L.  FAHEY  AND  BRIGITTE  A.  ASKONAS  633 
bands (Fig. 7). The S bands were identified as containing S antigenic determi- 
nants by separating bands S~ and $3 by DEAE-cellulose chromatography as in 
Fig.  5  B, or by using a  gradient from 0.005  i  to 0.075  M K  phosphate pH  8 
buffer,  and  making  comparisons by  the  Ouchterlony  gel diffusion techniques 
(Fig. 6 B). The fusion of precipitin lines indicated that the S fragments had the 
same  antigenic  groupings.  The  S  fragments  of  the  myeloma protein  migrate 
within the region observed  for S  fragments of  normal T-globulin  (Figs. 4,  7). 
The  F  bands seen on starch gel electrophoresis of the myeloma protein digest 
TABLE  I 
Antigen  Binding Properties  of  Antibody  Fragments* 
Quantity (of antibody 
or fragment) 
,ug 
10 
30 
50 
Per cent radioactivity (1131  hemocyanin) precipitated:[: 
Intact antibody 
84 
88 
100 
S fragments 
77 
85 
92 
F  fragments 
6 
18 
26 
* Test was conducted by adding the antibody or its papain digest fragments in varying 
amounts to 10 ug of I  TM hemocyanin in a total volume of 0.8 ml. After 1/~ hour at 37 ° C and 
1 hour at 5  ° C, 0.2 ml of rabbit antisera vs. normal mouse gamma globulin (FR16) was added 
and the mixture incubated at 37 ° C for 1/~ hour and at 5°C for  18 hours.  The supernatant 
was separated and the precipitate was washed  twice with 1 ml aliquots of cold saline. The 
precipitate was  dissolved in 0.1  N NaOH  (3 ml)  and the supernatant and two washes were 
combined  before measurement of radioactivity in a well type counter. 
~t 90 per cent of the radioactivity was the maximum precipitated. Since 18 per cent of the 
radioactivity was precipitated with the normal mouse serum  included  as a  control, all the 
observed values have been corrected for this and the final results are expressed as the per 
cent of the maximum  precipitate. 
migrate within the range of normal F  fragments, although slower than most of 
the  F  fragments  from  normal "y-globulin (Fig.  7). 
Comparison  of  the  antigenic  groupings  on  subunits  of 3,-myeloma protein 
5563  and  normal  "y-globulin  was  undertaken  after  demonstration  that  the 
"y-myeloma protein  lacks  some  of  the  antigenic determinants  present  among 
normal "y-globulins, as shown by spur formation of the precipitin band for nor- 
mal mouse 3,-globulin when compared with "/-myeloma protein in Ouchterlony 
double diffusion plates (Fig. 9 A). The fusion of the 3,-myeloma precipitin band 
with that of normal 3,-globulin (Fig. 9  A) indicates that  the two proteins also 
share antigenic determinants. 
S  and  F  fragments  separated  chromatographically from  papain  digests  of 
normal 3'-globulin and 5563  "y-myeloma protein are compared in Figs. 9  B  and 
C. When antiserum to 5563  myeloma is used in the center cup  (Fig. 9 B) the S 634  T-GLOBULIN  SUBUNITS 
fragments give reactions of identity and the F fragments also show reactions of 
identity, indicating that the corresponding fragments of the myeloma globulin 
and T-globulin share antigenic groupings and are closely related. Antiserum to 
normal T-globulin, however, shows spur formation by both the S and F  frag- 
ments of normal T-globulin (Fig. 9 C), indicating that both S and F fragments 
of T-globulin have some antigenic determinants not present  on  the myeloma 
protein.  Our  antisera  do  not  demonstrate  any  antigenic  grouping  on  the 
T-myeloma protein not present in normal T-globulin. It can be concluded that 
the  S  and  F  fragments  of  the  T-myeloma protein  are  closely related  to  the 
corresponding (S and F) fragments from normal heterogeneous T-globulin. 
FiG. 9.  Immunological comparison of subunits of normal v-globulin and T-myeloma protein 
5563.  Antigens  were  present  at  a  concentration  of  0.2  mg/ml  in  the  outer  welds of 
the Ouchterlony plates.  Fragments S  (P.D.-S)  and  F  (P,D.-F)  of normal mouse T  glolmlin 
(NMT) and T-myeloma protein ('yMP) 5563 represent subunits produced by treatment with 
papain and cysteine and separated by DEAE-cellulose chromatography (Fig. 5). 
DISCUSSION 
Mouse T-globulin treated with papain and  cysteine is  split into fragments 
with sedimentation constants of 3.5S in a very similar way to rabbit antibody 
(9)  and human T-globulin (10-13). The fragments of mouse T-globulin can be 
classified  by  immunoelectrophoresis into  two  major  groups  (S  and  F)  with 
distinct antigenic properties. The fragments differ in their relative rate of mi- 
gration (slow and fast) on electrophoresis at pH 8.6.  Approximate analyses of 
the  chromatographic elution patterns  show  that  2/:i of the  mouse T-globulin 
fragments  have  S  and  }~  have  F  antigenic  groupings.  The  antigen-binding 
capacity of the split mouse antibody (antihemocyanin) was associated with the 
S fragments. 
The findings with mouse T-globulin are essentially in agreement with Porter's 
findings  on rabbit  antibody which  splits  into  three fragments,  each roughly j.  L. FAIIEY AND BRIGITTE A.  ASKONAS  635 
one-third of the original molecule in size (9). Fragments I and II are very simi- 
lar  and  contained  antigen-binding  activity.  Fragment  III  had  no  antibody 
activity. Rabbit and mouse T-globulin differ notably, however, in the relative 
electrophoretic mobility of the antigen-binding  fragments.  Rabbit fragments I 
and II, which comprise ~  of the digest and contain antibody activity, are more 
negatively charged,  hence migrate faster toward the anode than fragment III 
at pH 8.6.  This is the  reverse  of  mouse  T-globulin  where  the  S  fragments, 
comprising  2/~ of the digest and having  antibody activity,  are less negatively 
charged than the F fragments. The antigen-binding  S fragments in mouse could 
not be separated into  2 equal parts  as in the rabbit  (fragment  I  and  II)  but 
TABLE II 
Summary  of Properties  of the Major Fragments in  Papain  Digests of "/-Globulin Antibody 
and "y-Mydoma Proteins in Several Species 
Species 
Rabbit antibody.. 
Human  "y-globulin. 
Human  T-globulin. 
Human T-globulin. 
Human T-myeloma protein 
Mouse ~,-myeloma protein. 
,~¢Iouse  antibody... 
Relative net electric 
charge of fragments on 
electrophoresls"  pH 8.6: 
more basic/more acidic 
III  I* +II* 
S  F 
C*  B 
A  B 
C  B 
S  F 
S*  F 
Ratio of 
fragments: 
more basic/ 
more acidic 
0.5 
Reference 
(9) 
(lO) 
(12) 
(13) 
(11) 
(14) 
This report 
*  =  antibody  activity present. 
were heterogeneous as shown on starch gel electrophoresis. Human "y-globulins 
resemble mouse 3,-globulins more closely than rabbit ~/-globulins in this respect, 
the ratio of slow to fast migrating fragments (S to F) being about 2 : 1 (10-13) 
with antibody activity being present in the S fragments  (12). Nomenclatures 
used by investigators dealing with several species are compared in Table II. 
Electrophoretic  heterogeneity  of the  subunits  of mouse "r-globulin  was re- 
vealed by starch gel electrophoresis. Digestion of"/-globulin preparations differ- 
ing in electrophoretic mobility produced S fragments with similar differences in 
mobility, i. e., the S fragments from slowly migrating'r-globulins  migrated more 
slowly than those from rapidly migrating ~/-globulins.  Similar observations have 
been reported  for human ~'-globulin digests  (10-13),  and it seems likely that 
the  S  peptide  chains  contribute  in  an  important  way  to  the  electrophoretic 
properties of intact "r-globulin molecules. 
Additional  evidence on the role of the S fragments  was obtained in related 636  ~t-GLOBULIN SITBUNITS 
studies on the "y-myeloma  protein 5563 which consists of at least 5 components 
differing in electrophoretic mobility. Starch gel electrophoresis of the papain 
digest of the faster migrating myeloma proteins revealed increased amounts of 
a rapidly migrating $3 fragment (14) indicating that some of the faster migrating 
globulins contained S fragments with greater net negative charge. Papain di- 
gests of the heterogeneous myeloma protein, however, revealed only two major 
S fragments, with $2 predominating, which made it likely that "y-myeloma  pro- 
teins of differing mobility contributed some identical S fragments to the digest. 
Differences in the F fragments were also observed in slowly and fast migrating 
myeloma proteins (14). The F fragments of normal ~'-globulin are also hetero- 
geneous on electrophoresis and differences may be noted in the F  fragments 
derived from slow and fast 3"-globulin (Fig. 7). Analysis of the data on F frag- 
ments is complicated by the fact that F fragments appear to change with pro- 
longed treatment with papain. 
The presence of distinct antigenic determinants on the S and F  fragments 
raised the question whether both S and F antigenic determinants were derived 
from single qt-globulin  molecules. Evidence that the F  and S fragments come 
from the same molecules was provided by Askonas and Humphrey (24)  who 
absorbed rabbit antisera against mouse 3t-globulin with either S or F fragments 
and found that absorbed  antisera as well as unabsorbed antisera precipited 
95 per cent or more of normal or myeloma "y-globulin labeled with 1  TM. However, 
all 3,-globulin  molecules are not uniform antigenically. The F and F t fragments 
were not equally present in the digests of all normal globulin preparations and 
F ~  fragments were not found with the ~'-myeloma protein. A component similar 
to F ~ was also detected in digests of human 3,-globulin  by Edelman et al.  (10). 
It is not certain whether the differences in F and F' reflect differences in papain 
action or in the antigenic properties of the original molecules. 
At least two antigenic determinants were present on both the S and F frag- 
ments  from normal  ")-globulins,  since  these  fragments  showed  reactions  of 
identity as well as distinctive antigenic determinants when compared with the 
corresponding fragments of the 3,-myeloma protein  5563.  Several studies of 
human 3,-globulins  have indicated multiple antigenic groupings for these prep- 
arations (10, 25-27). 
Study of the discrete 3,-myeloma proteins in conjunction with the heteroge- 
neous normal 3'-globulins has been of particular value. The discrete bands from 
the myeloma proteins offer opportunities for detailed study of homogeneous 
components. Edelman and Poulik (28)  also found more discrete bands in re- 
duced and alkylated myeloma globulins than in normal ")'-globulin preparations 
treated in the same way. Although the electrophoretic properties of the mye- 
loma proteins and their papain digest fragments are within the range observed 
for normal gamma globulins and the myeloma proteins share some antigenic 
determinants with normal T-globulin (but are deficient in others), none of these j.  L.  FAHEY  AND  BRIGITTE  A.  ASKONAS  637 
findings  constitute proof that  the  myeloma proteins  are normal  T-globulins 
present in excessive amounts, or that they are abnormal products of malignant 
cells. Further studies are needed to answer this question although at the present 
time it seems evident that  the v-myeloma protein is very similar to  normal 
v-globulin molecules. 
SUMMARY 
Gamma globulin and antibody obtained from inbred C~I-I mice are split by 
papain and cysteine into fragments  roughly one-third the size of the original 
molecule (s~0,w =  3.5S).  The papain digests were characterized  by starch gel 
electrophoresis and  immunological  methods.  The  highly  heterogeneous frag- 
ments could be divided into two groups with distinct antigenic determinants 
(S and  F),  which were separated by DEAE ion-exchange  cellulose  chroma- 
tography. Approximately two-thirds of the fragments had S antigenic group- 
ings and one-third had F  antigenic groupings.  These data are consistent with 
the view that mouse gamma globulin is split by papain and cysteine into three 
major fragments, two of which are of the S type and one of the F type. 
Antibody activity of the original  molecule was present in the S fragments. 
Although the S fragments did not precipitate the antigen  (hemocyanin) they 
were shown to hind antigen specifically in the manner of univalent antibodies. 
The S fragments of normal v-globulin were very heterogeneous with a broad 
spectrum of electrophoretic mobilifies.  Comparison of S fragments from slow 
and fast migrating globulins showed that the mobilities of the original v-globu- 
lin samples were largely reflected in the mobilities of their S fragments. Addi- 
tional observations indicated that the F fragments also may help to determine 
the electrophoretic mobility of intact v-globulin molecules. 
S fragments of differing electrophoretic mobility were shown to have the same 
antigenic  determinants,  indicating  that the structural  differences  responsible 
for the electrophoretic mobility differences  were not involved in the antigenic 
groupings identified with rabbit antisera. 
The  F  fragments  of norma~ v-globulin migrated more rapidly than  the  S 
fragments,  were less  heterogeneous, and showed several bands on starch gel 
electrophoresis. The F  fragments differed antigenically from the S fragments, 
and had no antibody activity. Two groups of F  fragments  (F and  F')  were 
detected with some antisera. 
The v-myeloma protein (5563) formed in a C3H plasma cell tumor and simi- 
larly fragmented by treatment with papain and cysteine, produced much more 
discrete S and F components than were found in the normal v-globulin digest. 
The electrophoretic properties of the myeloma protein fragments were within 
the range observed for normal v-globulin fragments. Although the V-myeloma 
protein shares antigenic determinants with normal v-globulins it lacks some of 
the antigenic groupings present in the v-globulin preparation.  Both S and F 638  ~-GLOBULIN  SUBUNITS 
fragments from the myeloma protein share  antigenic  determinants  with  the 
corresponding fragments from normal "y-globulin.  In addition, both S  and  F 
fragments of normal "y-globulin possess antigenic groupings not present in frag- 
ments of the "pmyeloma protein, accounting for the antigenic deficiency ob- 
served on comparison of the 3'-myeloma protein with normal 3'-globulins. 
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